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(54) TFT with large-grain poiycrystalline active layer 

(57) A semiconductor device has a thin film transis- 
tor including an insulating substrate (3, 8), an island (1) 
made of a poiycrystalline semiconductor material and 
disposed on the insulating substrate, a conductive layer 
(2) made of the poiycrystalline semiconductor material 
and at least one of metals and metallic silicides and sur- 
rounding the island, a source region (6) and a drain 
region (7) spaced from the source region, the source 
region and the drain region being formed in said island, 
a gate electrode (4) disposed on the island with an insu- 
lating film interposed between the island and the gate 
electrode, the gate facing a spacing between the source 
region and the drain region. The poiycrystalline semi- 
conductor material forming the island and the conduc- 
tive layer are fabricated by initially annealing a first 
amorphous semiconductor material (11) deposited on 
the insulating substrate with a crystallization-inducing 
layer (1 4) made of the at least one of metals and metal- 
lic silicides and having a hole (15) corresponding to the 
island, the crystallization-inducing layer being disposed 
on a surface of the amorphous semiconductor material 
on at least one of a substrate side thereof and a side 
thereof opposite from the substrate side, and then by 
depositing a second amorphous semiconductor mate- 
rial (18) on the first amorphous semiconductor and 
annealing the second amorphous semiconductor mate- 
rial. 



FIG. 1A 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a semicon- 5 
ductor device, a liquid crystal display device (hereinafter 
referred to as a liquid crystal display device) employing 
the semiconductor device and methods of fabricating 
the semiconductor device and the liquid crystal display 
device, and in particular to techniques of fabricating a 10 
thin film transistor (hereinafter referred to as a TFT) 
comprising a polycrystalline semiconductor on an insu- 
lating substrate. 

[0002] There is a technique for fabricating periph- 
eral circuits such as a driver circuit for driving pixels and 15 
a control circuit for controlling the driver circuit at the 
periphery of an insulating substrate on which pixels are 
fabricated in a liquid crystal display panel, for example. 
[0003] The process for fabricating a polycrystalline 
Si TFT (hereinafter referred to as a p-Si TFT) of the 20 
peripheral circuits is intrinsically a hot-temperature 
process, but a low-temperature process for it is realized 
by using a process explained below 
[0004] The low-temperature process comprises for- 
mation of an amorphous silicon (hereinafter referred to 25 
as an a-Si) film, conversion of the a-Si film into a poly- 
crystalline film by irradiation of excimer laser, formation 
of a gate insulating oxide film by plasma CVD or the like, 
formation of a gate electrode made of a metal or a 
metallic silicide by a sputtering method or the like, for- 30 
mation of source and drain regions by ion doping or ion 
implantation, and then ion activation by laser annealing. 
[0005] The above crystallization of an a-Si film by 
excimer laser uses a phenomenon that irradiation of a 
UV light pulse of about 20 ns melts the a-Si film and 35 
then crystallization occurs as the a-Si film cools. 
[0006] But with the conventional method, it is very 
difficult to control the grain sizes, orientations and posi- 
tions of crystals in the polycrystalline film because of 
fast crystallization and non-equilibrium process. 40 
[0007] The larger the grain sizes are, the better the 
performance of the p-Si TFT becomes, but the wider the 
spread in the grain sizes becomes and consequently 
the wider the variability of TFT characteristics becomes. 
[0008] If the grain sizes are selected to be suffi- 45 
ciently smaller than the length of a channel of TFTs, the 
variability of the TFT characteristics becomes smaller, 
but the TFT characteristics are degraded. 
[0009] The p-Si TFTs of the peripheral circuits in 
the liquid crystal panel are of the so-called SOI (Silicon- so 
On- Insulator) type using an insulating substrate such as 
a glass substrate and are not capable of establishing a 
substrate potential, and consequently an adverse effect 
such as a projection called a "kink" occurs in a current- 
voltage characteristic curve especially of the p-Si TFT 55 
constituting the high-performance peripheral circuits. 



SUMMARY OF THE INVENTION 

[001 0] it is an object of the present invention to pro- 
vide a semiconductor device or an LCD provided with 
TFTs having a polycrystalline film uniform in orientation 
of crystalline grains and containing few unwanted impu- 
rities introduced in grain boundaries (hereinafter 
referred to merely as grain boundary impurities) and a 
channel region of the TFTs formed of a polycrystalline 
film comprising a small number of crystal grains each 
having a diameter larger than a length of a channel of 
the TFTs and each having a grain boundary thereof 
aligned parallel with a source<irain direction of the 
TFTs. 

[001 1 ] It is another object of the present invention to 
provide an LCD having a liquid crystal display panel 
provided with a peripheral circuit formed on a substrate 
of the liquid crystal display panel wherein TFTs consti- 
tuting at least the peripheral circuit have a polycrystal- 
line film uniform in orientation of crystalline grains in a 
plane parallel with a major surface of the substrate and 
containing few grain boundary impurities and a channel 
region of the TFTs formed of a polycrystalline film com- 
prising a small number of crystal grains each having a 
diameter larger than a length of a channel of the TFTs 
and each having a grain boundary thereof aligned par- 
allel with a source-drain direction. 
[001 2] It is another object of the present invention to 
provide a semiconductor device or an LCD having TFTs 
provided with a polycrystalline conductive layer in con- 
tact with a polycrystalline semiconductor layer forming 
an active area of each of the TFTs such that a potential 
of a substrate on which the TFTs are formed is estab- 
lished by the polycrystalline conductive layer. 
[0013] To accomplish the above objects, in accord- 
ance with one embodiment of the present invention, 
there is provided a semiconductor device having a thin 
film transistor comprising: an insulating substrate, an 
island made of a polycrystalline semiconductor material 
and disposed on said insulating substrate, a conductive 
layer made of said polycrystalline semiconductor mate- 
rial and at least one of metals and metallic silicides and 
surrounding said island, a source region and a drain 
region spaced from said source region, said source 
region and said drain region being formed in said island, 
a gate electrode disposed on said island with an insulat- 
ing film interposed between said island and said gate 
electrode, said gate facing a spacing between said 
source region and said dram region, wherein said poly- 
crystalline semiconductor material forming said island 
and said conductive layer are fabricated by initially 
annealing a first amorphous semiconductor material 
deposited on said insulating substrate with a crystalliza- 
tion-inducing layer made of said at least one of metals 
and metallic silicides and having a hole corresponding 
to said island, said crystallization-inducing layer being 
disposed on a surface of said amorphous semiconduc- 
tor material on at least one of a substrate side thereof 
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and a side thereof opposite from said substrate side, 
and then by depositing a second amorphous semicon- 
ductor material on said first amorphous semiconductor 
and annealing said second amorphous semiconductor 
material. 5 
[0014] To accomplish the above objects, in accord- 
ance with another embodiment of the present invention, 
there is provided a liquid crystal display device having a 
liquid crystal panel comprising a pair of insulating sub- 
strates, a liquid crystal layer sandwiched between said 10 
pair of insulating substrates, a plurality of pixels formed 
between said pair of insulating substrates and a periph- 
eral circuit for driving said plurality of pixels and dis- 
posed at a periphery of at least one of said pair of 
insulating substrates, said peripheral circuit including a 15 
thin film transistor comprising: an insulating substrate, 
an island made of a poiycrystalline semiconductor 
material and disposed on said insulating substrate, a 
conductive layer made of said poiycrystalline semicon- 
ductor material and at least one of metals and metallic 20 
silicides and surrounding said island, a source region 
and a drain region spaced from said source region, said 
source region and said drain region being formed in 
said island, a gate electrode disposed on said island 
with an insulating film interposed between said island 25 
and said gate electrode, said gate facing a spacing 
between said source region and said drain region, 
wherein said poiycrystalline semiconductor material 
forming said island and said conductive layer are fabri- 
cated by initially annealing a first amorphous semicon- 30 
ductor material deposited on said insulating substrate 
with a crystallization-inducing layer made of said at 
least one of metals and metallic silicides and having a 
hole corresponding to said island, said crystallization- 
inducing layer being disposed on a surface of said 35 
amorphous semiconductor material on at least one of a 
substrate side thereof and a side thereof opposite from 
said substrate side, and then by depositing a second 
amorphous semiconductor material on said first amor- 
phous semiconductor and annealing said second amor- 40 
phous semiconductor material. 
[0015] To accomplish the above objects, in accord- 
ance with another embodiment of the present invention, 
there is provided a method of fabricating a semiconduc- 
tor device including the steps of: depositing a first amor- 45 
phous semiconductor film on an insulating substrate, 
depositing at least one layer of one of metals and metal- 
lic silicides on said first amorphous semiconductor film, 
opening a hole in said at least one layer of one of metals 
and metallic silicides at a predetermined position so 
thereof, then heat-annealing said first amorphous semi- 
conductor film and said at least one layer of one of met- 
als and metallic silicides such that said one of metals 
and metallic silicides is absorbed into said first amor- 
phous semiconductor film and said first amorphous 55 
semiconductor film is crystallized, then depositing a 
second amorphous semiconductor film on said at least 
one layer of one of metals and metallic silicides and said 



first amorphous semiconductor film, irradiating laser 
onto said second amorphous semiconductor film to 
crystallize said second amorphous semiconductor film, 
and then forming an active element of said semiconduc- 
tor device in a region of said crystallized semiconductor 
film corresponding to said hole. 
[0016] To accomplish the above objects, in accord- 
ance with another embodiment of the present invention, 
there is provided a method of fabricating a semiconduc- 
tor device including the steps of: depositing at least one 
layer of one of metals and metallic silicides on an insu- 
lating substrate, opening a hole in said at least one layer 
of one of metals and metallic silicides at a predeter- 
mined position thereof, then depositing a first amor- 
phous semiconductor film on said at least one layer of 
one of metals and metallic silicides and said insulating 
substrate, then heat-annealing said first amorphous 
semiconductor film and said at least one layer of one of 
metals and metallic silicides such that said one of met- 
als and metallic silicides is absorbed into said first amor- 
phous semiconductor film and said first amorphous 
semiconductor film is crystallized, then depositing a 
second amorphous semiconductor film on said first 
amorphous semiconductor film, irradiating laser onto 
said second amorphous semiconductor film to crystal- 
lize said second amorphous semiconductor film, and 
then forming an active element of said semiconductor 
device in a region of said crystallized semiconductor 
film corresponding to said hole. 
[0017] To accomplish the above objects, in accord- 
ance with another embodiment of the present invention, 
there is provided a method of fabricating a liquid crystal 
display device having a liquid crystal panel comprising a 
pair of insulating substrates, a liquid crystal layer sand- 
wiched between said pair of insulating substrates, a plu- 
rality of pixels formed between said pair of insulating 
substrates and a peripheral circuit for driving said plural- 
ity of pixels and disposed at a periphery of at least one 
of said pair of insulating substrates including the steps 
of: depositing a first amorphous semiconductor film on 
said periphery of said at least one of said pair of insulat- 
ing substrates, depositing at least one layer of one of 
metals and metallic silicides on said first amorphous 
semiconductor film, opening a plurality of holes in said 
at least one layer of one of metals and metallic silicides 
at predetermined positions thereof, then heat-annealing 
said first amorphous semiconductor film and said at 
least one layer of one of metals and metallic silicides 
such that said one of metals and metallic suicides is 
absorbed into said first amorphous semiconductor film 
and said first amorphous semiconductor film is crystal- 
lized, then depositing a second amorphous semicon- 
ductor film on said at least one layer of one of metals 
and metallic silicides and said first amorphous semicon- 
ductor film, irradiating laser onto said second amor- 
phous semiconductor film to crystallize said second 
amorphous semiconductor film, and then forming an 
active element of a semiconductor device constituting 
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said peripheral circuit in a region of said crystallized 
semiconductor film corresponding to each of said plural- 
ity of holes. 

[0018] To accomplish the above objects, in accord- 
ance with another embodiment of the present invention, 5 
there is provided a method of fabricating a liquid crystal 
display device having a liquid crystal panel comprising a 
pair of insulating substrates, a liquid crystal layer sand- 
wiched between said pair of insulating substrates, a plu- 
rality of pixels formed between said pair of insulating w 
substrates and a peripheral circuit for driving said plural- 
ity of pixels and disposed at a periphery of at least one 
of said pair of insulating substrates including the steps 
of: depositing at least one layer of one of metals and 
metallic silicides on said periphery of said at least one of is 
said pair of insulating substrates, opening a plurality of 
holes in said at least one layer of one of metals and 
metallic silicides at predetermined positions thereof, 
depositing a first amorphous semiconductor film on said 
at least one layer of one of metals and metallic suicides 20 
and into said plurality of holes, then heat-annealing said 
first amorphous semiconductor film and said at least 
one layer of one of metals and metallic silicides such 
that said one of metals and metallic silicides is absorbed 
into said first amorphous semiconductor film and said 25 
first amorphous semiconductor film is crystallized, then 
depositing a second amorphous semiconductor film on 
said first amorphous semiconductor film, irradiating 
laser onto said second amorphous semiconductor film 
to crystallize said second amorphous semiconductor 30 
film, and then forming an active element of a semicon- 
ductor device constituting said peripheral circuit in a 
region of said crystallized semiconductor film corre- 
sponding to each of said plurality of holes. 
[0019] To accomplish the above objects, in accord- 35 
ance with another embodiment of the present invention, 
there is provided a method of fabricating a liquid crystal 
display device having a liquid crystal panel comprising a 
pair of insulating substrates, a liquid crystal layer sand- 
wiched between said pair of insulating substrates, a plu- 40 
raiity of pixels formed between said pair of insulating 
substrates and a peripheral circuit for driving said plural- 
ity of pixels and disposed at a periphery of at least one 
of said pair of insulating substrates including the steps 
of: depositing a first crystallization-inducing layer com- 45 
prising at least one layer of one of metals and metallic 
silicides on said periphery of said at least one of said 
pair of insulating substrates, opening a first plurality of 
holes in said first crystallization-inducing layer at prede- 
termined positions thereof, depositing a first amorphous so 
semiconductor film on said first crystallization-inducing 
layer and into said first plurality of holes, depositing a 
second crystallization-inducing layer comprising at least 
one layer of one of metals and metallic silicides on said 
first amorphous semiconductor film, opening a second ss 
plurality of holes in said second crystallization-inducing 
layer, said plurality of holes each being disposed over 
said first plurality of holes, respectively, then heat- 



annealing said first amorphous semiconductor film and 
said first and second crystallization-inducing layers 
such that said ones of metals and metallic silicides in 
said first and second crystallization-inducing layers, 
respectively, are absorbed into said first amorphous 
semiconductor film and said first amorphous semicon- 
ductor film is crystallized, then depositing a second 
amorphous semiconductor film on said first amorphous 
semiconductor film and said second crystallization- 
inducing layer, irradiating laser onto said second amor- 
phous semiconductor film to crystallize said second 
amorphous semiconductor film, and then forming an 
active element of a semiconductor device constituting 
said peripheral circuit in a region of said crystallized 
semiconductor film corresponding to each of said sec- 
ond plurality of holes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] In the accompanying drawings, in which like 
reference numerals designate similar components 
throughout the figures, and in which: 

FIG. 1A is a schematic cross-sectional view of a 
basic structure of a p-Si TFT in accordance with an 
embodiment of the present invention, and FIG. 1 B 
is a plan view of the p-Si TFT of FIG. 1A with its 
gate insulating film and gate electrode removed; 
FIG. 2 is a schematic plan view illustrating the 
arrangement of the p-Si TFTs of FIG.1 A; 
FIGS. 3A-1 to 3A-3 and 3B-1 to 3B-3 are illustra- 
tions of the principles of converting an a-Si film into 
a p-Si film with low-density energy and high-density 
energy respectively; 

FIGS. 4A to 4D are cross-sectional views of a film in 
the process steps for fabricating a large grain-size 
p-Si film by using the principles of the MIC and the 
MILC to producing nucleuses; 
FIGS. 5 A to 5C are illustrations for explaining an 
intensity distribution of excimer laser in the fabrica- 
tion of p-Si TFTs, FIG. 5A being a plan view of the 
arrangement of p-Si islands fabricated on an insu- 
lating substrate, FIG. 5B being an ideal illuminating 
intensity distribution of laser and FIG. 5C being a 
transmission distribution of a multilayer dielectric 
mask; 

FIGS. 6A and 6B are illustrations for explaining a 
basic structure of a mask for laser illumination in the 
fabrication of a peripheral circuit for a liquid crystal 
display panel, FIG. 6A being a schematic plan view 
of the mask and FIG. 6B being a transmission dis- 
tribution of the mask; 

FIGS. 7A to 7D are cross-sectional views of a film in 
the alternative process steps for fabricating a large 
grain-size p-Si film by using the principles of the 
MIC and the MILC to producing nucleuses; 
FIGS. 8A to 8F are cross-sectional views of a film in 
the process steps for fabricating a p-Si TFT in 
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accordance with an embodiment of the present 
invention; 

FIGS. 9A to 9F are cross-sectional views of a film in 
the process steps for fabricating a p-Si TFT in 
accordance with another embodiment of the 5 
present invention; 

FIGS. 10A to 10C are cross-sectional views of a 
film in the process steps for fabricating a p-Si TFT in 
accordance with another embodiment of the 
present invention; 10 
FIG. 1 1 is a block diagram of a driver circuit consti- 
tuting a peripheral circuit of a liquid crystal display 
panel; 

FIGS. 12A and 12B are block diagrams of a source 
driver of FIG. 1 1 corresponding to one bit of data, is 
respectively, FIG. 12A being a block diagram of a 
digital driver and FIG. 12B being a block diagram of 
an analog driver; 

FIG. 13 is a plan view of essential portions of one 
pixel and its vicinities of an active matrix and verti- 20 
cal-fteld type color liquid crystal display panel to 
which the present invention is applicable; 
FIG. 14 is a cross-sectional view of one pixel and it 
s vicinities of FIG. 13 taken along line XIV-XIV; 
FIG, 15 is an exploded perspective view of a liquid 25 
crystal display module to which the present inven- 
tion is applicable; and 

FIG. 16 is a perspective view of a notebook per- 
sonal computer or a word processor incorporating 
the liquid crystal display module of FIG. 15. 30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] The embodiments of the present invention 35 
will now be described in detail with reference to the 
accompanying drawings, in the several figures of which 
like reference numerals designate corresponding ele- 
ments, and repetition of explanation of the correspond- 
ing elements is omitted. 40 
[0022] In the following embodiments, the present 
invention is applied to p-Si TFTs in a peripheral circuit 
formed on a substrate of a liquid crystal display panel 
for driving pixels of the liquid crystal display panel, but 
the present invention is not limited to this application. 45 
[0023] FIG. 1A is a schematic cross-sectional view 
of a basic structure of a p-Si TFT 100, an embodiment 
of the present invention, after contact holes having been 
opened for source and drain electrode connections. 
[0024] In FIG. 1A, reference numeral 3 denotes an so 
insulating substrate made of transparent glass, 8 is a 
buffer layer made of silicon oxide (SiOa) and deposited 
on the substrate 3, 1 is an island (hereinafter referred to 
as a P-Si island) made of a polycrystailine silicon film 
(hereinafter referred to as a p-Si film), 2 is a conductive ss 
film which contacts the p-Si film 1 and crystal orienta- 
tions of which are uniform in planes parallel with the 
major surface of the substrate, 5 is a gate insulating film 



made of Si0 2 » 4 is a gate electrode made of metal or 
metallic silicide, 6 and 7 are source and drain regions, 
respectively, and 9 and 10 are contact holes for source 
and drain electrode connections, respectively. 
[0025] FIG. 1 B is a plan view of the p-Si TFT 1 00 of 
FIG. 1 A with the gate insulating film 5 and the gate elec- 
trode 4 removed. The gate electrode 4 is indicated by 
broken lines in FIG. 1B. The channel region 101 is a 
region interposed between the source region 6 and the 
drain region 7. 

[0026] Numerical examples of the p-Si TFTs for the 
peripheral circuit are: 

[0027] Channel width = 3-20 y m, channel length 
=1-5 ix m, and numerical examples of the p-Si TFTs for 
the pixel switching circuit are: 
[0028] Channel width = 4-10 11 m, channel length = 
3-5 11 m. 

[0029] FIG. 2 is a schematic plan view of an 
arrangement of p-Si TFTs 100 of FIG. 1 A. in FIG. 2, ref- 
erence 1 denote p-Si islands, 2 is the conductive film 
which contacts the p-Si films 1 and crystal orientations 
of which are uniform in planes parallel with the major 
surface of the substrate, and 4 are gate electrodes. 
[0030] As shown in FIG. 1A, the p-Si TFT 100 of 
this embodiment comprises the p-Si island 1 formed on 
the insulating substrate 3 with the buffer layer 8 therebe- 
tween, the conductive film 2 which contacts the p-Si 
island 1 and crystal orientations of which are uniform in 
planes parallel with the major surface of the substrate, 
the gate insulating film 5 formed over the p-Si island 1 , 
the gate electrode 4 formed over the p-Si island 1 with 
the gate insulating film 5 interposed therebetween, the 
source and drain regions 6, 7 disposed in the p-Si island 
1 on opposite sides of the gate electrode 4. 
[0031] As shown in FIG. 2, the conductive layer 2 is 
formed with a two-dimensional rectangular array of 
openings each for forming the p-Si island 1 of the p-Si 
TFT 100. 

[0032] As indicated by broken lines in FIG. 1B, the 
sizes of the crystalline grains in the channel region are 
at least 3 n m in the TFTs of the peripheral circuit for 
driving the pixels. The channel region of the TFTs com- 
prised of a small number (three, for example, as illus- 
trated in FIG. 1 B) of the polycrystailine grains the sizes 
of which are greater than the channel length L of the 
TFTs and the grain boundaries of which are parallel to 
the direction of the channel length L. A single grain 
extends a distance of at least 0.5 p m outwardly from 
both edges of the gate electrode 4. 
[0033] On the other hand, the TFTs for switching 
pixels need not provide such high performance as the 
TFTs for the peripheral circuits, and consequently plural 
crystalline grains of an approximately equal size in a 
range of 0.05 y. m to 0.3 p, m suffice for the TFTs for 
switching pixels. 

[0034] The source and drain regions 6, 7 are a pair 
of impurity-introduced regions of N-type or P-type con- 
ductivity which are formed by ion-doping or ion-implant- 
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ing the p-Si island 1 to a depth less than the thickness 
of the p-Si island 1 and then ion-activating by laser 
annealing. Although not shown in FIG. 1A, the source 
and drain regions 6,7 can employ the known LDD 
(Lightly Doped Drain) structure comprising a lightly 5 
doped region and a heavily doped region or the offset 
gate structure where the source and drain regions are 
offset from the edges of the gate electrode, respectively, 
if necessary. 

[0035] FIGS. 3A-1 to 3A-3 and FIGS. 3B-1 to 3B-3 10 
illustrate the principle of the crystallization process from 
an a-Si film into a p-Si film by low-density energy irradi- 
ation and high-density energy irradiation, respectively. 
FIGS. 3A-1 and 3B-1 are schematic cross-sectional 
views of the films in a process of forming crystalline 15 
nucleuses by melting and cooling, FIGS. 3A-2 and 3B-2 
are schematic cross-sectional views of the films in a 
process of growth from the crystalline nucleuses, and 
FIGS. 3A-3 and 3B-3 are schematic cross-sectional 
views of the films for illustrating a final distribution of 20 
grain sizes. 

[0036] in FIGS. 3A-1 to 3A-3 and FIGS. 3B-1 to 3B- 
3, reference numeral 3 denotes the insulating substrate, 
1 1 is the a-Si film formed on the insulating film 3, 13 is 
excimer laser light, 12a and 12b are nucleuses for the 25 
crystalline growth, and 1a and 1b are the p-Si films. 
[0037] A common method of forming the p-Si film 
by a low-temperature process comprises irradiation of 
the excimer laser light onto the a-Si film to melt to it and 
crystallization in the liquid phase of the melt as the film 30 
cools. A model of this low-temperature process is illus- 
trated in FIGS. 3A-1 to 3A-3 and FIGS. 3B-1 to 3B-3. 
[0038] As illustrated in FIGS. 3A-1 and 3B-1, by 
irradiation of the excimer laser 13, the a-Si film 1 1 starts 
to melt from its surface and melts to a depth contacting 35 
the surface of the substrate 3, 
[0039] As illustrated in FIGS. 3A-2 and 3B-2, in the 
subsequent process of cooling, nucleuses 12a, 12b are 
produced in the a-Si film 11 mostly at the interfaces 
between the substrate 3 and the a-Si film 1 1 and then 40 
grow to form the p-Si films 1a, 1b as illustrated in FIGS. 
3A-3 and 3B-3, respectively. 

[0040] When the density of irradiation energy is 
small, a large number of nucleuses 12a are produced 
as shown in FIG. 3A-2, grow in a direction of the thick- 45 
ness of the film, i.e. in a vertical direction, and finally 
form the p-Si film 1a composed of small grains as 
shown in FIG. 3A-3. 

[0041 ] On the other hand, when the density of irra- 
diation energy is large, a small number of nucleuses so 
1 2b are produced as shown in FIG. 3B-2, grow both ver- 
tically and laterally at the same time, and finally form the 
p-Si film 1b composed of large grains as shown in FIG. 
3B-3. 

[0042] As described above, the larger the grain 55 
sizes in the p-Si film are, the better the performance of 
the p-Si TFT becomes, and therefore it is the ultimate 
object to form the active elements of the peripheral cir- 



cuit of the liquid crystal display panel in a single crystal. 
[0043] There is a limit to the grain sizes enlarged by 
simply adjusting the laser irradiation conditions for crys- 
tallization and the positions of crystalline grain formation 
cannot be controlled. 

[0044] To control the positions of crystalline grain 
formation and enlarge the grain sizes, it is necessary to 
initially form nucleuses at predetermined positions and 
then grow the nucleuses laterally. Based upon this con- 
cept, various methods have been proposed. An SLS 
method proposed by J.S. Im et al. (R. S. Sposili and J. 
S. Im: "Sequential lateral solidification of thin films on 
Si0 2 ", Appl. Phys. Lett. 69(19), 4 Nov. 1996, pp.2864- 
2866) and a method of irradiating through a phase-shift 
mask proposed by M. Matsumura et al. (C. H. Oh and H. 
Matsumura: "Preparation of Position-Controlled Crystal- 
Silicon Island Arrays", Jpn. J. Appl. Phys. Voi.37 (1998) 
pp. 5474-5479) realize relatively large grain sizes for the 
present. 

[0045] Both the two methods perform the formation 
of nucleuses and their lateral growth differently, but they 
do not control the sizes or the orientation of nucleuses. 
There are problems with the two methods in that, in the 
lateral growth, the growth speed is slow and the area of 
crystallization is small, due to limitation to an irradiation 
light-distribution. 

[0046] The embodiment of the present invention 
employs methods of growing crystals known as Metal 
Induced Crystallization (sometimes hereafter referred to 
as MIC) and Metal Induced Lateral Crystallization 
(sometimes hereafter referred to as MILC), and control 
the nucleation, and solves the problem with the lateral 
growth by using excimer laser. 
[0047] In the process of MIC, a thin metal film made 
of Au, Al, Sb, In, Pd, Ti, Ni or the like is disposed on the 
topside or underside of the a-Si film and thermally 
annealed, and consequently the transition temperature 
from a-Si to c-Si (crystalline Si) which is normally 600 
°C is lowered due to the presence of the thin metal film 
such that crystallization proceeds at a temperature 
lower than 600 °C . 

[0048] The mechanism of the above process has 
not been fully understood yet. In the case of four metals, 
Au, Al, Sb and in, it is thought that silicon is transported 
from the amorphous phase to the crystalline phase via 
the metal compound containing silicon due to difference 
between solubility of the metal into the a-Si in the com- 
pound of the metal and the a-Si and solubility of the 
metal into the c-Si in the compound of the metal and the 
c-Si (see E. Nygren, et. al, Appl. Phys. Lett. 52(6) 
pp. 439-441 (1988) for further detail). On the other hand, 
in the case of Pd, Ti and Ni, it is thought that the growth 
from the a-Si phase into the c-Si phase occurs via for- 
mation of silicide (see C. Hayzelden and J. L. Batstone, 
J. Appl. Phys. 73(12) pp. 82 79-8289(1 993) for further 
detail) . 

[0049] The metal induced crystallization (MIC) 
occurs in a region in contact with the thin metal film in 



6 



11 



EP 1 020 899 A2 



12 



the process of forming crystalline nucleuses assisted by 
the metal. It is observed that lateral crystalline growth 
occurs in a region not covered with the thin metal film, 
and this phenomenon is so-called metal induced lateral 
crystallization (MILC). In this method, although the 5 
growth speed of the p-Si film depends upon process 
conditions and material, it is on the order of p. m per 
hour, very fast compared with usual solid-phase growth 
and this method provides large grains and aligns orien- 
tations of crystalline grains well enough in planes paral- w 
lei with the major surface of the substrate (see Seok- 
Woon Lee, et. al, AppL Phys. Lett. 66(13) pp. 1671- 
1673(1 995) for further detail). 
[0050] FIGS. 4A-4D are cross-sectional views of 
the film for explaining the principle of the formation of 15 
the p-Si film composed of large grains by producing 
nucleuses using the MIC and MILC methods. 
[0051] Initially as shown in FIG. 4A, a first a-Si thin 
film 1 1 is formed on a substrate 3, a metal film 14 serv- 
ing as an undercoating film is deposited on the first a-Si 20 
thin film and then an opening 15 is made in the metal 
film 14 at a position corresponding to a p-Si island to be 
formed later by using a photolithography technique. 
[0052] Then thermal annealing is performed at a 
low temperature (lower than 600°C) insufficient to 25 
cause the transformation from the a-Si to the p-Si by 
using the MIC and MILC methods, in FIG. 4A, broken 
line indicate the edge of the p-Si island 1 (see FIG. 1 A) 
to be fabricated subsequently. The a-Si film 1 1 under 
the metal film 14 is transformed into the p-Si film 16 30 
(during this process the metal film 14 is absorbed by the 
p-Si film 16), and then the lateral growth of the crystal- 
line grains, i.e. the above-explained MILC occurs in the 
region not originally covered with the metal film 14. Ref- 
erence numeral 1 7 in FIG. 4B designate large crystal- 35 
line grains produced by the MILC method. 
[0053] It is desirable that the thickness of the metal 
film 14 is selected to be such a value that the metal film 
14 is absorbed completely by the a-Si film within a ther- 
mal annealing time required for the lateral crystalline 40 
growth of at least 0.5 p m in length, but the metal film 1 4 
need not necessarily be absorbed completely 
[0054] Even after the metal film 14 has been 
absorbed completely by the a-Si film, the portion of the 
film 1 1 at the center of the opening 15 remains the a-Si 45 
film as shown in FIG. 4B, and a single crystalline grain 
or large crystalline grains 17 having their orientations 
aligned parallel with each other in planes parallel with 
the major surface of the substrate are produced in con- 
tact with the a-Si film at the center. so 
[0055] Then, as shown in FIG. 4C, a second a-Si 
film 18 is deposited over the entire area and irradiation 
of excimer laser (not shown) onto the a-Si film 18 crys- 
tallizes the a-Si film 18 according to the state of crystal- 
lization of the p-Si film 1 6 underlying the a-Si film 1 8 and 55 
serving as the undercoating film as shown in FIG. 4D. 
Especially in a portion of the a-Si film in proximity to 
large crystalline grains (as indicated by reference 



numeral 17, for example) large crystalline grains are 
formed aligned with the large crystalline grains. Refer- 
ence numeral 1 denotes a p-Si film composed of large 
crystalline grains. 

[0056] In this embodiment, it is desirable to trans- 
form a portion intended for a channel region of the TFT 
into a single crystal, but even if the region is divided by 
grain boundaries, when the number of the grains is 
small and the directions of the grain boundaries are par- 
allel with the flowing direction of electric current, the 
TFT performance is expected to be approximately the 
same as that obtained with the single crystal. To fabri- 
cate such a grain structure, an area irradiated by laser is 
moved over the film such that crystallization proceeds 
from a region intended for one of drain and source 
regions toward a region intended to face a gate elec- 
trode or such that crystallization proceeds from a region 
intended for one of drain and source regions through 
the region intended to face the gate electrode toward a 
region intended for the other of the source and drain 
regions. 

[0057] Then the unnecessary portion 21 of the p-Si 
film is removed by using the photolithography technique 
to form the p-Si island 1 indicated by broken lines in 
FIGS. 4A and 4B (see FIG. 1 A also). There is retained a 
conductive layer made of the Si film and the metal 
absorbed therein and having its crystalline orientations 
aligned parallel with each other in the planes parallel 
with the major surface of the substrate, in order to be 
used for establishing a substrate potential. 
[0058] To obtain a crystalline grain of at least 10 \i 
m in size which is a practical length for transistors, it is 
necessary to utilize diffusion of material by thermal gra- 
dient. There are a number of methods proposed for per- 
forming this by using laser irradiation, one of which will 
be explained by reference to FIGS. 5A-5C. FIGS. 5A-5C 
are illustrations for explaining an intensity distribution of 
excimer laser irradiation for formation of the p-Si TFT 
100. FIG. 5A is a plan view of an arrangement of the p- 
Si islands 1 formed on the insulating substrate 3 (not 
shown) and the conductive layer 2 disposed in contact 
with the p-Si islands 1 , and in FIG. 5A the gate elec- 
trodes 4 are indicated by broken lines to facilitate under- 
standing. FIG. 5B illustrates an ideal intensity 
distribution of laser irradiation, and FIG. 5C illustrates a 
distribution of light transmission of a mask comprised of 
plural dielectric films. 

[0059] As shown in FIG. 5B, the ideal intensity dis- 
tribution of laser irradiation is such that the irradiation 
extends wider than the width of a portion intended for 
one transistor in a direction of crystalline growth (a 
direction of the long sides of the p-Si islands 1 of FIG. 
5A), but does not extend to adjacent portions intended 
for transistors. 

[0060] In practice, it is difficult to obtain the linear 
intensity distribution of laser irradiation for individual 
transistors as shown in FIG. 5B, consequently it is prac- 
tically useful to use a mask obtained by fabricating plu- 
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ral dielectric layers in the form of steps, and FIG. 5C 
shows an example of the intensity distribution of such a 
mask. 

[0061 ] FIGS. 6A and 6B are illustrations for explain- 
ing a basic structure of the irradiation mask for fabrica- 5 
tion of the peripheral circuit portion of the liquid crystal 
display panel, FIG. 6A is a schematic plan view of the 
mask having a dielectric multilayer portion for reflecting 
(i.e. blocking) laser light, and FIG. 6B illustrates a differ- 
ence in transmission between the transmissive and 10 
non-transmissive portions of the dielectric multilayer 
films. In FIG. 6A, reference 20 denotes the mask and 19 
is the laser-reflecting portion of the dielectric mask. 
[0062] The p-Si TFTs in the liquid crystal display 
panel is of the so-called SOI structure fabricated on the is 
insulating substrate such as glass. As explained above, 
the potential of the substrate cannot be established by 
the substrate itself unlike Si LSIs because the substrate 
is an insulator, and the greatest problem that arises due 
to this is that a breakdown voltage between the source 20 
and drain regions is lowered. This is because holes 
generated by high electric fields present in the vicinity of 
the drain region are accumulated in the lower portion of 
the channel and cause a parasitic bipolar transistor to 
be turned on. This problem is solved by disposing a 25 
conductive film on the substrate and establishing the 
substrate potential, but the parasitic capacitance 
increases to such a great extent that desired TFT char- 
acteristics are not obtained. 

[0063] Especially the SOI structure has a reduced 30 
parasitic capacitance and an insulating substrate, and 
consequently provides excellent characteristics such as 
high speed operation, low power consumption and high 
breakdown voltages. But this useful structure produces 
the problem of lowering the source-drain breakdown 35 
voltage. 

[0064] The above-mentioned disposition of the con- 
ductive film on the substrate is such that the charges 
accumulated at the interface with the substrate are 
extracted by the conductive layer 2 disposed in contact 40 
with the above-explained electrode structure, i.e. the p- 
Si islands 1 and having its crystalline orientations 
aligned to eliminate causes of unstable operation. This 
structure is known as the field shield in the conventional 
SOI structure (Proc. of 5th Int'l Symp. on SOI Tech. and 45 
Devices, Vol. 92-13, p64 (1992). In this embodiment, 
the undercoating film used for the MIC and MILC proc- 
esses is remaining even during the process of laser 
crystallization. The accumulated charges are extracted 
more efficiently from the central portion of the channel so 
as well as the ends of the source and drain regions 
compared with the conventional structures, though 
resistance of these regions is very high because of a 
small amount of the metal in these regions. 
[0065] Instead of disposing the metal film 1 4 on the 55 
top surface of the a-Si film 1 1 as shown in FIG. 4A, the 
metal film 14 can be disposed under the a-Si film 1 1 as 
shown in FIG. 7A. The process steps following the step 



shown in FIG. 7 A are similar to those in the case where 
the metal film 1 4 is disposed on the top surface of the a- 
Si film 1 1 , as shown in FIGS. 7B-7D. 
[0066] instead of the metal film, a film made of 
metallic silicides such as titanium silicide, tungsten sili- 
cide or molybdenum silicide can be used in this embod- 
iment. 

[0067] A fabrication process in accordance with an 
embodiment of the present invention will be explained 
by reference to FIGS. 8A-8F. 

[0068] Initially, as shown in FIG. 8A, a buffer layer 8 
made of Si0 2 is formed on the insulating substrate 3 
made of glass, then the a-Si film 1 1 of 20 nm at the most 
in thickness is formed on the buffer layer 8 by a plasma 
CVD method, and is heated at 450 °C for at least 30 
minutes to reduce the amount of hydrogen contained in 
the a-Si film to 1 atomic % at the most. 
[0069] Then, as shown in FIG. 8B, at least one layer 
1 4 made of metals such as W, Au, Al, Sb, In, Pd, Ti or Ni 
or silicides of those metals is formed on the a-Si film 1 1 
by a sputtering method, and is formed with a two-dimen- 
sional rectangular array of openings (slits) 15 each cor- 
responding to a TFT region by a photolithography 
technique. 

[0070] Then, as shown in FIG. 8C, the a-Si film 1 1 
is thermally annealed at a temperature equal to or less 
than 600 °C to transform the a-Si film 11 into the p-Si 
film by solid-phase growth. Initially the a-Si film 11 
underlying the film 1 4 is transformed into the p-Si film 1 6 
(during this process the film 14 is absorbed by the p-Si 
film 16), and then the lateral growth of crystalline grains, 
i.e. the above-described MILC occurs in the region not 
covered with the film 1 4. Reference numeral 1 7 denotes 
large crystalline grains produced by the MILC. 
[0071 ] Then, as shown in FIG. 8D, another a-Si film 
18 of at least 20 mm in thickness is formed on the film 
formed as shown in FIG. 8C by a plasma CVD method, 
and then is heated at 450 °C for at least 30 minutes to 
reduce the amount of hydrogen contained in the a-Si 
film to 1 atomic % at the most. 
[0072] Then, as shown in FIG. 8E, XeCI excimer 
laser of 308 nm in wavelength or KrF excimer laser of 
248 nm in wavelength (not shown) is irradiated onto the 
a-Si film 1 8 to transform the a-Si film 1 8 into the p-Si film 
to form a region corresponding to the p-Si island 1 . 
[0073] Then the p-Si film 21 surrounding the p-Si 
island 1 is removed by a photolithography technique to 
provide the shape as shown in FIG. 8F. 
[0074] Then the thus obtained p-Si island 1 is proc- 
essed to complete the p-Si TFT 100 shown in FIG. 1A 
by using known techniques. The p-Si film 16 in FIG. 8F 
corresponds to the conductive film 2 in FIG. 1 A. 
[0075] In the above-explained method, the metal 
film having the openings are disposed over the a-Si film 
formed on the substrate, but in an alternative method 
the a-Si film can be formed over the metal film having 
the openings and initially formed on the substrate. The 
following explains this alternative method. 
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[0076] Initially, as shown in FIG. 9A, a buffer layer 8 
made of Si0 2 is formed on the insulating substrate 3 
made of glass, then at least one layer 14 made of met- 
als such as W, Au, Al, Sb, In, Pd, Ti or Ni or silicides of 
those metals is formed on the buffer layer 8 by a sputter- 5 
ing method, and then is formed with a two-dimensional 
rectangular array of openings (slits) 15 each corre- 
sponding to a TFT region by a photolithography tech- 
nique. 

[0077] Then, as shown in FIG. 9B, the a-Si film 1 1 10 
of 20 nm at the most in thickness is formed on the sub- 
strate 3 having the film 14 formed with the openings 15 
by a plasma CVD method, and is heated at 450 °C for at 
least 30 minutes to reduce the amount of hydrogen con- 
tained in the a-Si film to 1 atomic % at the most. 15 
[0078] Then, as shown in FIG. 9C, the a-Si film 1 1 
is thermally annealed at a temperature equal to or less 
than 600 °C to transform the a-Si film 1 1 into the p-Si 
film by solid-phase growth. Initially the a-Si film 11 
underlying the film 1 4 is transformed into the p-Si film 1 6 20 
(during this process the film 14 is absorbed by the p-Si 
film 1 6), and then the lateral growth of crystalline grains, 
i.e. the above-described MILC occurs in the region not 
covered with the film 14. Reference numeral 17 denote 
large crystalline grains produced by the MILC. 25 
[0079] Then, as shown in FIG. 9D, another a-Si film 
18 of at least 20 nm in thickness is formed on the film 
formed as shown in FIG. 9C by a plasma CVD method, 
and then is heated at 450 °C for at least 30 minutes to 
reduce the amount of hydrogen contained in the a-Si 30 
film to 1 atomic % at the most. 
[0080] Then, as shown in FIG. 9E, XeCI excimer 
laser of 308 nm in wavelength or KrF excimer laser of 
248 nm in wavelength (not shown) is irradiated onto the 
a-Si film 1 8 to transform the a-Si film 1 8 into the p-Si film 35 
to form a region corresponding to the p-Si island 1. 
[0081] Then the p-Si film 21 surrounding the p-Si 
island 1 is removed by a photolithography technique to 
provide the shape as shown in FIG. 9F. 
[0082] Then the thus obtained p-Si island 1 is proc- 40 
essed to complete the p-Si TFT 100 shown in FIG. 1 A 
by using known techniques. The p-Si film 16 in FIG. 9F 
corresponds to the conductive film 2 in FIG. 1 A. 
[0083] As still another alternative, the process steps 
of forming a film made of metal or metallic silicide and 45 
having the openings 15 can be repeated twice with the 
process of forming the a-Si film interposed therebe- 
tween, that is, the two films made of metal or metallic sil- 
icide can be disposed to sandwich the a-Si film. The 
following explains this alternative. so 
[0084] Initially, as shown in FIG. 10A, a buffer layer 
8 made of Si0 2 is formed on the insulating substrate 3 
made of glass, then a film 14 made of tungsten, tung- 
sten silicide, or metals such as Au, Al, Sb, Pd and Ni, for 
example, is formed at a region A corresponding to the 55 
peripheral circuit on the insulating substrate 3 and an 
opening 15A corresponding to a TFT region is made in 
the film 14A by a photolithography technique. 



[0085] Then, as shown in FIG. 10B, a-Si film 11 of 
20 nm at the most in thickness is formed at the region A 
corresponding to the peripheral circuit and a region B 
corresponding to the pixel area by a plasma CVD 
method, and is heated at 450 °C for at least 30 minutes 
to reduce the amount of hydrogen contained in the a-Si 
film 1 1 to 1 atomic % at the most. 
[0086] Then, as shown in FIG. 10C, a film 114 
made of metals such as Au, Al, Sb, Pd and Ni is formed 
at the regions A and B corresponding to the peripheral 
circuit and the pixel area, respectively, on the insulating 
substrate 3, and an opening 115A coincident with the 
opening 1 5A is made in the region A by a photolithogra- 
phy technique and an opening 115B corresponding to 
the pixel-switching TFT region is made in the region B 
by a photolithography technique. Then the a-Si film 1 1 is 
thermally annealed at a temperature equal to or less 
than 600 °C to transform the a-Si film 11 into the p-Si 
film by solid-phase growth. The subsequent process 
steps are the same as those with the previous embodi- 
ments. 

Example 

[00871 Initially a region of 5mm in width for the 
peripheral circuit is defined at the periphery outside of 
the pixel area of the 13-inch diagonal SXGA liquid crys- 
tal display panel (1024 X1280 pixels). Then a tungsten 
film of 50 nm in thickness is formed over the entire sur- 
face of the insulating substrate made of glass, a Pd film 
of 1 nm in thickness is formed over the tungsten film, 
and then the openings each accommodating a transis- 
tor are made in the two metal films in accordance with 
the arrangement of the p-Si islands for transistors. 
[0088] Then a first a-Si film of 20 nm in thickness is 
formed over the films by a low pressure CVD method, 
and is thermally annealed at 550°C for three hours to 
transform the first a-Si film into the polycrystalline film. 
Next a second a-Si film of 50 nm in thickness is formed 
over the polycrystalline film by a plasma CVD method 
and is dehydrogenated by being heated at 450°C for an 
hour in nitrogen. 

[0089] XeCI excimer laser of 308 nm in wavelength 
is irradiated onto the second a-Si film to transform the 
second a-Si film into the polycrystalline film. Laser crys- 
tallization of the pixel area is performed separately from 
that of the peripheral circuit area. 
[0090] The pixel area is irradiated by using an illu- 
minating system which illuminates an elemental area in 
the form of a slit of 100 /i m in width and 250 mm in 
length. The center line of the 100 p. m width of the slit is 
aligned with the center of a pixel-switching transistor 
and the long sides of the slit is aligned parallel to the 
gate signal lines (see FIG. 13). The laser is irradiated 
onto the substrate mounted on the stage at rest with ten 
shots each having fluence of 300 mJ/cm 2 at one posi- 
tion, moving the stage a distance equal to a pitch of pix- 
els in a source-drain direction at a time. 
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[0091] The peripheral circuit area is irradiated by 
using an imaging optical system which illuminates an 
elemental area in the form of a rectangle of 5 x 1 8 mm 2 . 
The laser is irradiated onto the substrate mounted on 
the stage at rest with five shots each having fluence of 5 
300 mJ/cm 2 at one position, moving the stage a dis- 
tance of 18 mm in a direction of the periphery of the 
peripheral circuit at a time. 

[0092] Then, the substrate of the TFT liquid crystal 
panel is completed after the process steps such as 10 
forming the gate oxide film on the p-Si film formed as 
above by a plasma CVD, forming the gate electrodes, 
forming the source and drain regions by ion implanta- 
tion into the p-Si film and forming interlayer insulating 
films, contact holes and wirings. is 
[0093] FIG. 1 1 is a block diagram of a driver circuit 
constituting a peripheral circuit of the liquid crystal dis- 
play panel. Reference numeral 71 denotes a timing con- 
trol circuit, 72 is a gray scale-source voltage circuit, 73 
is a common-electrode voltage circuit, 74 is a power 20 
supply circuit, 75 is a source driver, 76 is a gate power 
supply circuit and 77 is a gate driver. 
[0094] FIGS. 12A and 12B are block diagrams for 
source drivers of FIG. 1 1 corresponding to one bit data, 
FIG. 12A being that of a digital driver and FIG. 12B 25 
being that of an analog driver. 
[0095] FIG. 1 3 is a plan view of a pixel and its vicin- 
ity in a vertical-field (twisted nematic) and active matrix 
addressing type color liquid crystal display panel to 
which the present invention is applicable, and FIG. 1 4 is 30 
a cross-sectional view of the pixel and its vicinity taken 
along the line XiV-XIV of FIG. 13. 
[0096] As shown in FIG. 13, each pixel is arranged 
in an area defined by two adjacent scanning signal lines 
GL (also referred to as gate signal lines or horizontal 35 
signal lines) and two adjacent video signal lines DL 
(also referred to as drain signal lines or vertical signal 
lines). 

[0097] Each pixel includes two thin film transistors 
TFT1, TFT2, a transparent pixel electrode 1T01 and a 40 
holding capacitor Cadd. The scanning signal lines GL 
extend in a left-right direction in FIG. 13 and are 
arranged plurally in a top-bottom direction in FIG. 13. 
The video signal lines DL extend in the top-bottom 
direction and are arranged plurally in the left-right direc- 45 
tion. Reference characters SD1 and SD2 denote source 
and drain electrodes, respectively, GT is a gate elec- 
trode, FIL is a color filter and BM is a black matrix. 
[0098] As shown in FIG. 14, on a lower transparent 
glass substrate SUB1 which is placed under a liquid so 
crystal layer LC, a thin film transistor TFT and a trans- 
parent pixel electrode IT01 are formed, and on an 
upper transparent glass substrate SUB2 a color filter 
FIL, and a light-blocking black matrix pattern BM are 
formed. The upper and lower transparent glass sub- 55 
strates SUB1, SUB2 are coated with silicon oxide films 
SIO on both sides thereof by dipping treatment. 
[0099] The light-blocking layer BM, color filters FIL, 



a protective film PSV2, a transparent common pixel 
electrode IT02 (COM) and an upper alignment film 
ORI2 are formed in this order on the inner surface of the 
upper transparent glass substrate SUB2 on the liquid 
crystal layer LC side thereof. Reference characters 
POL1, POL2 denote polarizers, PSV1 is a protective 
film, ORH is a lower alignment film, Gl is a gate insulat- 
ing film, AOF is an anodized film and AS is a semicon- 
ductor layer. 

[0100] FIG. 15 is an exploded perspective view of 
an active-matrix, flip-chip type color liquid crystal dis- 
play module (an LCD) MDL to which the present inven- 
tion is applicable. Reference character SHD designates 
a metal shield case (referred to a metal frame); WD is a 
display window; SPC1 to SPC4 are insulating spacers; 
FPC1 and FPC2 are folded multilayer flexible circuit 
boards (FPC1 is the circuit board for gate drive and FPC 
2 is the circuit board for drain drive); PCB is an interface 
circuit board; ASB is an assembled liquid crystal display 
element with the driver circuit boards; PNL is a liquid 
crystal display element having driver ICs mounted on 
one of a pair of transparent insulating substrates over- 
lapped and fixed with a spacing therebetween (also 
referred to as a liquid crystal display panel); GC1 and 
GC2 are rubber cushions; PRS are two prismatic 
sheets; SPS is a light-diffusing sheet; GLB is a light 
guide; RFS is a reflecting sheet; MCA is a lower case (a 
mold case) integrally molded; LP is a fluorescent lamp; 
LPC1 and LPC2 are lamp cables; LCT is a connector for 
an inverter power source; and GB is a rubber bush for 
holding the fluorescent lamp. These components are 
stacked in the relationship as shown in FIG. 15 to 
assemble the liquid crystal display module MDL. Refer- 
ence characters LS and BL denotes a light reflector and 
a backlight, respectively. 

[0101] FIG. 16 is a perspective view of a notebook 
personal computer or a word processor incorporating 
the liquid crystal display module of FIG. 15. 
[0102] The present invention has been explained in 
detail by using the above embodiments, but the present 
invention is not limited to the above embodiments and it 
will be obvious to those skilled in the art that various 
changes and modifications can be made to the above 
embodiments without departing from the nature and 
spirits of the present invention. 
[0103] For example, in the above embodiments, Si 
is used, but other semiconductor materials such as ger- 
manium and silicon germanium alloy can be used 
instead. 

[0104] The present invention is not limited to liquid 
crystal display devices, but is also applicable to semi- 
conductor devices having a TFT of the SOI structure. 
[0105] In the case where the present invention is 
applied to the liquid crystal display devices, the present 
invention is also applicable to the liquid crystal display 
devices of the simple matrix type, the vertical field 
(twisted nematic) active matrix type, the in-plane switch- 
ing active matrix type or the COG (Chip-On-Glass). 
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[0106] As explained above, the present invention 
provides a high-performance polycrystalline TFT having 
a polycrystalline film uniform in orientation of crystalline 
grains and containing few unwanted impurities intro- 
duced in grain boundaries and a channel region of the 5 
TFTs formed of a polycrystalline film comprising a small 
number of crystalline grains each having a diameter 
larger than a length of a channel of the TFTs and each 
having a grain boundary thereof aligned parallel with a 
source-drain direction of the TFTs. In the structure of w 
the SOI, the substrate potential is established such that 
the charges accumulated in the end portions of the 
drain and source regions and the central portion of the 
channel can be extracted efficiently to provide high-per- 
formance transistors. And the present invention realize 75 
the high-definition liquid crystal display panel with the 
driver circuits and the control circuits integrally formed 
on the substrate of the display panel. 

Claims 20 

1 . A semiconductor device having a thin film transistor 
comprising: 

an insulating substrate (3, 8), 25 
an island (1) made of a polycrystalline semi- 
conductor material and disposed on said insu- 
lating substrate, 

a conductive layer (2) made of said polycrystal- 
line semiconductor material and at least one of 30 
metals and metallic silicides and surrounding 
said island, 

a source region (6) and a drain region (7) 
spaced from said source region, 
said source region and said drain region being 35 
formed in said island, 

a gate electrode (4) disposed on said island 
with an insulating film interposed between said 
island and said gate electrode, said gate facing 
a spacing between said source region and said 40 
drain region, 

wherein said polycrystalline semiconductor 
material forming said island and said conduc- 
tive layer are fabricated by initially annealing a 
first amorphous semiconductor material (11) 45 
deposited on said insulating substrate with a 
crystallization-inducing layer (14) made of said 
at least one of metals and metallic silicides and 
having a hole (15) corresponding to said island, 
said crystallization-inducing layer being dis- so 
posed on a surface of said amorphous semi- 
conductor material on at least one of a 
substrate side thereof and a side thereof oppo- 
site from said substrate side, and then by 
depositing a second amorphous semiconduc- ss 
tor material (18) on said first amorphous semi- 
conductor and annealing said second 
amorphous semiconductor material. 



2. A liquid crystal display device having a liquid crystal 
panel (PNL) comprising a pair of insulating sub- 
strates (SUB1, SUB2), a liquid crystal layer (LC) 
sandwiched between said pair of insulating sub- 
strates, a plurality of pixels formed between said 
pair of insulating substrates and a peripheral circuit 
(FPC1 , FPC2) for driving said plurality of pixels and 
disposed at a periphery of at least one of said pair 
of insulating substrates, said peripheral circuit 
including a thin film transistor comprising: 

an insulating substrate (3, 8), 
an island (1) made of a polycrystalline semi- 
conductor material and disposed on said insu- 
lating substrate, 

a conductive layer (2) made of said polycrystal- 
line semiconductor material and at least one of 
metals and metallic silicides and surrounding 
said island, 

a source region (6) and a drain region (7) 
spaced from said source region, 
said source region and said drain region being 
formed in said island, 

a gate electrode (4) disposed on said island 
with an insulating film interposed between said 
island and said gate eletrode, said gate facing 
a spacing between said source region and said 
drain region, 

wherein said polycrystalline semiconductor 
material forming said island and said conduc- 
tive layer are fabricated by initially annealing a 
first amorphous semiconductor material (11) 
deposited on said insulating substrate with a 
crystallization-inducing layer (14) made of said 
at least one of metals and metallic silicides and 
having a hole (15) corresponding to said island, 
said crystallization-inducing layer being dis- 
posed on a surface of said amorphous semi- 
conductor material on at least one of a 
substrate side thereof and a side thereof oppo- 
site from said substrate side, and then by 
depositing a second amorphous semiconduc- 
tor material (18) on said first amorphous semi- 
conductor and annealing said second 
amorphous semiconductor material. 

3, A liquid crystal display device according to claim 2, 
wherein a channel region formed between said 
source region and said drain region in said island of 
a polycrystalline semiconductor material is formed 
by grains of said polycrystalline semiconductor 
material of a size of at least 3 ^m in diameter and 
each of said grains extending a distance of at least 
0.5 ^m outwardly from both edges of said gate 
electrode in a direction of said source region to said 
drain region. 

4. A method of fabricating a semiconductor device 
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including the steps of: 

depositing a first amorphous semiconductor 
film on an insulating substrate, 
depositing at least one layer of one of metals s 
and metallic silicides on said first amorphous 
semiconductor film, 

opening a hole in said at least one layer of one 
of metals and metallic silicides at a predeter- 
mined position thereof, 10 
then heat-annealing said first amorphous sem- 
iconductor film and said at least one layer of 
one of metals and metallic silicides such that 
said one of metals and metallic silicides is 
absorbed into said first amorphous semicon- is 
ductor film and said first amorphous semicon- 
ductor film is crystallized, 
then depositing a second amorphous semicon- 
ductor film on said at least one layer of one of 
metals and metallic silicides and said first 20 
amorphous semiconductor film, 
irradiating laser onto said second amorphous 
semiconductor film to crystallize said second 
amorphous semiconductor film, and 
then forming an active element of said semi- 25 
conductor device in a region of said crystallized 
semiconductor film corresponding to said hole. 

A method of fabricating a semiconductor device 
including the steps of: 30 

depositing at least one layer of one of metals 
and metallic silicides on an insulating sub- 
strate, 

opening a hole in said at least one layer of one 35 
of metals and metallic silicides at a predeter- 
mined position thereof, 

then depositing a first amorphous semiconduc- 
tor film on said at least one layer of one of met- 
als and metallic silicides and said insulating 40 
substrate, 

then heat-annealing said first amorphous sem- 
iconductor film and said at least one layer of 
one of metals and metallic silicides such that 
said one of metals and metallic silicides is 45 
absorbed into said first amorphous semicon- 
ductor film and said first amorphous semicon- 
ductor film is crystallized, 
then depositing a second amorphous semicon- 
ductor film on said first amorphous semicon- so 
ductor film, 

irradiating laser onto said second amorphous 
semiconductor film to crystallize said second 
amorphous semiconductor film, and 
then forming an active element of said semi- 55 
conductor device in a region of said crystallized 
semiconductor film corresponding to said hole. 



6. A method of fabricating a semiconductor device 
according to claim 4, wherein said active element 
comprises a source region formed in said region of 
said crystallized semiconductor film, a drain region 
spaced from said source region and formed in said 
region of said crystallized semiconductor film, and 
a gate electrode disposed between said source 
region and said drain region with an insulating layer 
interposed between said gate electrode and said 
source and drain regions, and said laser is scanned 
from a side of one of said source and drain regions 
toward said gate electrode. 

7. A method of fabricating a semiconductor device 
according to claim 6, wherein said laser is scanned 
from a side of one of said source and drain regions 
through a portion of said crystallized semiconductor 
film facing said gate, electrode toward a side of 
another of said source and drain regions. 

8. A method of fabricating a semiconductor device 
according to claim 5, wherein said active element 
comprises a source region formed in said region of 
said crystallized semiconductor film, a drain region 
spaced from said source region and formed in said 
region of said crystallized semiconductor film, and 
a gate electrode disposed between said source 
region and said drain region with an insulating layer 
interposed between said gate electrode and said 
source and drain regions, and said laser is scanned 
from a side of one of said source and drain regions 
toward said gate electrode. 

9. A method of fabricating a semiconductor device 
according to claim 8, wherein said laser is scanned 
from a side of one of said source and drain regions 
through a portion of said crystallized semiconductor 
film facing said gate electrode toward a side of 
another of said source and drain regions. 

10. A method of fabricating a liquid crystal display 
device having a liquid crystal panel comprising a 
pair of insulating substrates, a liquid crystal layer 
sandwiched between said pair of insulating sub- 
strates, a plurality of pixels formed between said 
pair of insulating substrates and a peripheral circuit 
for driving said plurality of pixels and disposed at a 
periphery of at least one of said pair of insulating 
substrates including the steps of: 

depositing a first amorphous semiconductor 
film on said periphery of said at least one of 
said pair of insulating substrates, 
depositing at least one layer of one of metals 
and metallic silicides on said first amorphous 
semiconductor film, 

opening a plurality of holes in said at least one 
layer of one of metals and metallic silicides at 
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predetermined positions thereof, 
then heat-annealing said first amorphous sem- 
iconductor film and said at least one layer of 
one of metals and metallic silicides such that 
said one of metals and metallic silicides is 5 
absorbed into said first amorphous semicon- 
ductor film and said first amorphous semicon- 
ductor film is crystallized, 
then depositing a second amorphous semicon- 
ductor film on said at least one layer of one of 10 
metals and metallic silicides and said first 
amorphous semiconductor film, 
irradiating laser onto said second amorphous 
semiconductor film to crystallize said second 
amorphous semiconductor film, and is 
then forming an active element of a semicon- 
ductor device constituting said peripheral cir- 
cuit in a region of said crystallized 
semiconductor film corresponding to each of 
said plurality of holes. 20 

11. A method of fabricating a liquid crystal display 
device having a liquid crystal panel comprising a 
pair of insulating substrates, a liquid crystal layer 
sandwiched between ssid pair c> snsu fating sub- 25 
strates, a plurality of pixels formed between said 
pair of insulating substrates and a peripheral circuit 
for driving said plurality of pixels and disposed at a 
periphery of at least one of said pair of insulating 
substrates including the steps of: 30 

depositing at least one layer of one of metals 
and metallic silicides on said periphery of said 
at least one of said pair of insulating sub- 
strates, 35 
opening a plurality of holes in said at least one 
layer of one of metals and metallic silicides at 
predetermined positions thereof, 
depositing a first amorphous semiconductor 
film on said at least one layer of one of metals 40 
and metallic silicides and into said plurality of 
holes, 

then heat-annealing said first amorphous sem- 
iconductor film and said at least one layer of 
one of metals and metallic silicides such that 45 
said one of metals and metallic silicides is 
absorbed into said first amorphous semicon- 
ductor film and said first amorphous semicon- 
ductor film is crystallized, 

then depositing a second amorphous semicon- so 
ductor film on said first amorphous semicon- 
ductor film, 

irradiating laser onto said second amorphous 
semiconductor film to crystallize said second 1 
amorphous semiconductor film, and 55 
then forming an active element of a semicon- 
ductor device constituting said peripheral cir- 
cuit in a region of said crystallized 



semiconductor film corresponding to each of 
said plurality of holes. 

2. A method of fabricating a liquid crystal display 
device having a liquid crystal panel comprising a 
pair of insulating substrates, a liquid crystal layer 
sandwiched between said pair of insulating sub- 
strates, a plurality of pixels formed between said 
pair of insulating substrates and a peripheral circuit 
for driving said plurality of pixels and disposed at a 
periphery of at least one of said pair of insulating 
substrates including the steps of: 

depositing a first crystallization-inducing layer 
comprising at least one layer of one of metals 
and metallic silicides on said periphery of said 
at least one of said pair of insulating sub- 
strates, 

opening a first plurality of holes in said first 
crystallization-inducing layer at predetermined 
positions thereof, 

depositing a first amorphous semiconductor 
film on said first crystallization-inducing layer 
and into said first plurality of holes, 

layer comprising at least one layer of one of 
metals and metallic silicides on said first amor- 
phous semiconductor film, 
opening a second plurality of holes in said sec- 
ond crystallization-inducing layer, said plurality 
of holes each being disposed over said first 
plurality of holes, respectively, 
then heat-annealing said first amorphous sem- 
iconductor film and said first and second crys- 
tallization-inducing layers such that said ones 
of metals and metallic silicides in said first and 
second crystallization-inducing layers, respec- 
tively, are absorbed into said first amorphous 
semiconductor film and said first amorphous 
semiconductor film is crystallized, 
then depositing a second amorphous semicon- 
ductor film on said first amorphous semicon- 
ductor film and said second crystallization- 
inducing layer, 

irradiating laser onto said second amorphous 
semiconductor film to crystallize said second 
amorphous semiconductor film, and 
then forming an active element of a semicon- 
ductor device constituting said peripheral cir- 
cuit in a region of said crystallized 
semiconductor film corresponding to each of 
said second plurality of holes. 

3. A method of fabricating a liquid crystal display 
device according to claim 10, wherein said active 
element comprises a source region formed in said 
region of said crystallized semiconductor film, a 
drain region spaced from said source region and 
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formed in said region of said crystallized semicon- 
ductor film, and a gate electrode disposed between 
said source region and said drain region with an 
insulating layer interposed between said gate elec- 
trode and said source and drain regions, and said 5 
laser is scanned from a side of one of said source 
and drain regions toward said gate electrode. 

14. A method of fabricating a liquid crystal display 
device according to claim 13, wherein said laser is 10 
scanned from a side of one of said source and drain 
regions through a portion of said crystallized semi- 
conductor film facing said gate electrode toward a 
side of another of said source and drain regions. 

15 

15. A method of fabricating a liquid crystal display 
device according to claim 11, wherein said active 
element comprises a source region formed in said 
region of said crystallized semiconductor film, a 
drain region spaced from said source region and 20 
formed in said region of said crystallized semicon- 
ductor film, and a gate electrode disposed between 
said source region and said drain region with an 
insulating layer interposed between said gate elec- 
trode and said source and drain regions, and said 25 
laser is scanned from a side of one of said source 
and drain regions toward said gate electrode. 

16. A method of fabricating a liquid crystal display 
device according to claim 15, wherein said laser is 30 
scanned from a side of one of said source and drain 
regions through a portion of said crystallized semi- 
conductor film facing said gate electrode toward a 
side of another of said source and drain regions. 

35 

17. A method of fabricating a liquid crystal display 
device according to claim 12, wherein said active 
element comprises a source region formed in said 
region of said crystallized semiconductor film, a 
drain region spaced from said source region and 40 
formed in said region of said crystallized semicon- 
ductor film, and a gate electrode disposed between 
said source region and said drain region with an 
insulating layer interposed between said gate elec- 
trode and said source and drain regions, and said 45 
laser is scanned from a side of one of said source 
and drain regions toward said gate electrode. 

18. A method of fabricating a liquid crystal display 
device according to claim 17, wherein said laser is so 
scanned from a side of one of said source and drain 
regions through a portion of said crystallized semi- 
conductor film feeing said gate electrode toward a 
side of another of said source and drain regions. 
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FIG. 1A 
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FIG. 4A 
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